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此外，从三氯化磷出发合成了一系列 d4T 和 AZT 类氢亚磷酸酯，在反应体
系中引入有机碱不仅降低了三氯化磷的用量，提高了原子利用率，适合克级制备
核苷类氢亚磷酸酯类化合物。并对这两类化合物进行了 ESI-MSn 多级质谱研究，
并总结了在正离子和负离子模式下碎片裂解规律: (1) 在正离子模式下，d4T 氢亚
磷酸酯主要是[M+Na]+峰，而 AZT 氢亚磷酸酯类化合物主要是[M+H]+峰；(2) 在
负离子模式下，大部分都是碎片离子峰，但是也有一些特殊的，如十八醇、薄荷














































































α-Hydroxy phosphonates have attracted considerable attention owing to their 
critical roles in several fields. They showed potential biological activities, such as 
antibacterial, antiviral, anticancer drugs, plant growth regulators and enzyme inhibitor 
properties which widely used in the treatment of smallpox, hypertension, malignancy, 
and HIV disease. The traditional way to synthesize α-hydroxy phosphonates is an 
addition reaction of monobasic phosphorus (the Pudovik reaction) or trialkyl 
phosphite (the Abramov reaction) to an aldehyde or ketone. Moreover, the reactions 
based on phosphonate derivatives such as oxidation of alkyl phosphonates or 
reduction or addition of keto phosphonates have also been found to be effective 
methods to form α-hydroxy phosphonates. Recently, great efforts have been made to 
develop metal-catalytic or metal-free functionalization of alcohols and ethers have 
garnered much interest due to the ease of generating carbon-carbon and 
carbon-heteroatom bonds. Although many heteroatomic (oxygen, nitrogen) 
nucleoghfphilic reagents are employed in the alkylation catalyzed by metal complexes, 
H-phosphonates as the substrates have not been investigated for the preparation of 
α-hydroxy phosphonate. 
Herein, we present a facile method of the phosphonation with alcohols or ethers 
catalyzed by CuCl2-TBHP (tert-butyl hydroperoxide) with moderate to good yields. It 
was found that various benzyl alcohols with electron-donating and 
electron-withdrawing substitutents proceeded efficiently. The corresponding products 
were obtained in moderate to good yields. This reaction is compatible with halo 
substituents on the aromatic ring of benzyl alcohols. It is worth noting that the 
aliphatic alcohols, such as ethanol, n-butanol and dodecanol, reacted with diisopropyl 
phosphonate to give the corresponding products in moderate to good yields. On the 















follows: 1) copper-TBHP catalyzed oxidation of alcohol in situ generated an aldehyde; 
2) followed by the Pudovik reaction to form the α-hydroxy phosphonate. 
In addition, a series of d4T and AZT H-phosphonates was synthesized from PCl3. 
The addition of organic base not only reduces the amount of PCl3, but also improved 
the atom utilization, especially for scale-up synthesis nucleoside H-phosphonates. 
Electrospray ionization tandem mass spectrometry (ESI-MSn) study shows some 
regularity of the fragment in the mode of positive and negative ions. 1) In the positive 
ion mode, the main fragment of d4T H-phosphonate is [M+Na]+, while AZT 
H-phosphonate is [M+H]+; 2) In the negative ion mode, most of the substances are 
fragment ion. But stearyl alcohol, menthol and cholesterol of the d4T H-phosphonaes 
shown the [M-H]-; AZT H-phosphonates was found weak interactions with water, 
usually containing one or two water molecules, such as stearyl alcohol, cyclohexanol, 
menthol, and cholesterol. 
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抑制 HIV 感染，作为治疗 AIDS 的一种前药[3-5]。当核苷类似物被细胞吸收后，
在磷酸酶的作用下逐步磷酰化产生三磷酰核苷，该类物质可以作为 HIV 逆转录
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